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This technique delineated both the extent and the
duration of ventilation compromise secondary to BPA and
allowed assessment of the physiological significance of
BPA. Further research may establish the clinical value of
this approach for evaluating BPA in patients with a range of
swallowing disorders.  
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Introduction
Extra-medullary hematopoiesis occurring in spinal
epidural space with resulting cord compression is rare. We
report a case of extra-medullary hematopoiesis causing
thoracic spinal cord compression in a patient of
myelofibrosis. Because of atypical MRI findings, it posed a
significant diagnostic challenge. Therefore, we have
discussed MRI features of this rare complication in
correlation with relevant literature. Pathophysiology and
management of this entity are also presented.
Case Report
A forty year old male, ex-smoker, presented with
pain in lower back for six months and weakness in both legs
for four months. These symptoms were progressive in
nature making him unable to walk without support. He was
complaining of sensory loss up to thoracic level. He had no
history of fever, weight loss, jaundice, blood transfusion or
trauma. Past history was significant for gouty arthritis.
On examination, he was conscious. Speech and other
higher mental functions were normal. He was unable to
walk without support. There was decreased bulk and
strength of both legs with 2/5 power proximally and distally.
Reflexes were exaggerated and Babinski's sign was
positive. He also had decrease sensation up to T4
dermatome. Upper limbs were normal and rest of the
examination was unremarkable. Laboratory investigations
revealed hemoglobin of 129 g/l ( 130-180 g/l ), Red blood
cell count was 4.9x1012/l ( 4.5-6.5 x 1012/l ) , Hematocrit
0.40 ( 0.40-0.54 ), MCV  90.7 fl ( 76-100 fl ), MCH 26.1 pg
( 27-32 pg ) and WBC count 10.9x109/l ( 4.0-11.0 x 109/l )
with 8.06x109/l (74 %) polymorphs ( 2.0-7.9 x 109/l ).
Peripheral blood smear was notable for leucoerythroblastic
picture showing nucleated RBCs, occasional polychromatic
cells, myelocytes and metamyelocytes. X-ray chest was
normal. X-ray spine showed loss of normal lumbar curve,
lumbar osteophytes and spurs. There was no fracture,
lysthesis or bony contusion. Para-vertebral soft tissues were
normal. Pedicels of L5 shows hazy appearance and margins
were not clearly defined.
The MRI examination demonstrated an extra-dural
linear mass on the posterior aspect of spinal cord, causing
significant compression of the dorsal spinal cord especially
at the level of C5-C6. It was extending approximately from
the disk of C7/T1 down to D12/L1 level. The mass was
isointense to the spinal cord on the T1 weighted pulse
sequences without contrast, but on T2 weighted sequences
it was hyperintense (Figure 1). After contrast injection, the
mass appeared to be diffusely intense and enhancing,
indicating this to be cellular in nature and not in favor of
blood or abscess (Figure 2). The vertebral body bone
marrow signals were reduced, generally, indicating possible
bone marrow infiltration or significant red marrow
conversion. There was no evidence of pre-or para-vertebral
mass. 
Based on clinical and radiological findings the
diagnosis of spinal cord compression by a mass possibly
lymphoma or extra-dural hematopoiesis was suggested.
However, absence of a pre- or para- vertebral mass made the
diagnosis of extradural extramedullary hematopoiesis,
questionable. He received high dose steroids and spinal
laminectomy was done at T1-T2 level; it revealed a bleeding
& reddish colored mass. On histopathological examination it
turned out to be an extramedullary hematopoietic tissue,
because it exhibited both erythroid and myeloid cell lines.
Megkaryocytes were also identified. There was no evidence
malignancy or granuloma formation (Figure 3).
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To diagnose the underlying condition, causing
extramedullary hematopoiesis, a bone marrow examination
was performed. The marrow findings were consistent with
the picture of myelofibrosis because of increase fibrosis
with very few normal erythroid and myeloid precursors.
Reticulin staining showed marked increase in Reticulin
fibers.      
Correlating all the information and investigations a
final diagnosis of myelofibrosis causing extra-dural
extramedullary hematopoiesis culminating in spastic
paraparesis because of cord compression, was made. For the
treatment of neurological deficit he was referred for
radiotherapy. 
Discussion
Extension of marrow through and beyond its bony
encasement is called extra-medullary hematopoiesis
(EMH). It occurs as a response to chronic hematological
stress. The most frequent sites of EMH include spleen, liver
and kidney; less commonly, heart, lymph nodes, thymus or
adrenal glands and pre or para-vertebral spaces are
involved.1 EMH afflicting the epidural space and resulting
in spinal cord compression is rare.2 The first description of
spinal cord compression caused by EMH was published in
19543 and 75 cases have been reported in literature yet.4
However, less than 10 cases of EMH had only spinal
involvement without effecting the usual sites and presenting
as paraparesis, similar to our case.  Although the most
reported patients of EMH in epidural space are
thalassaemic5, it has been described in other chronic
anemias such as sickle cell anemia6 and sideroblastic
anemia7, as well as in myeloproliferative disorders like
polycythaemia vera8, myelofibrosis9 and myelodysplastic
syndrome. 10 Other conditions causing spinal EMH includes
chronic eosinophilic leukemia, hepatocellular carcinoma
and Paget's disease.11-13 
The most frequent site of epidural involvement is in
the thoracic region.2,9 According to some it may be because
of the narrow diameter of spinal cord in this region14 but
other authors describe that the reasons are not completely
understood.2,15 Similarly, the source of epidural
hematopoietic tissue is also controversial. Some studies
hypothesize it as an extension of blood forming elements
through weakened trabecular bone in to epidural
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compartment.5 This is supported by reports of radiological
continuation of epidural masses and intramedullary
marrow.5 Others propose that these hematopoietic tissues
arise from the rests of primitive blood forming precursors
present particularly in the thoracic epidural space.9,16
MRI is the gold standard and technique of choice in
the evaluation of this condition.4,10 Before MRI, Computer
tomography (CT) and/or CT Myelography were in use. 17
MRI findings of spinal EMH, reported previously, include
higher signal intensity to both spinal cord and adjacent
vertebral marrow on T1 weighted, spin echo and T2
weighted sequences whilst contrast enhancement is
variable.18 However in the case report of EMH due to a
specific sub-type of myelodysplastic syndrome, the mass
appeared hypo-intense on T2 images which may be
attributed to excessive iron deposition.10 In our case the
mass was Iso-intense to the cord on T1 weighted sequences
but on T2, it was hyper-intense (Figure 1). The variation in
signal intensity of the mass on T1 can be attributed to the
relative proportions of fat and water. Because Yellow
marrow, by virtue of its increased fat content is hyperintense
on T1 weighted images. Whereas red marrow demonstrates
low signal intensity reflecting increased water content.19
Contrast enhancement on T1 sequences was also noted
(Figure 2). Initially it appeared as epidural lymphoma
because epidural lymphoma is iso-intense to the cord on T1
weighted images20 and slightly hyper-intense on T2
weighted sequences while  contrast  enhancement is
variable.18 Therefore, it was difficult to precisely
differentiate between the two based on MRI alone. In
addition, the absence of a pre and para-vertebral mass made
the diagnosis of EMH, doubtful. Biopsy eventually made
the final diagnosis.
Treatment of spinal cord compression due to EMH is
controversial.10,18 Surgery, Radiotherapy, Blood
transfusions and Hydroxy Urea are used in different
combinations.5,10,15,17,21 
In conclusion, EMH is a differential diagnosis of
Spinal cord compression and should be suspected in the
patients with chronic anemia, myeloproliferative disorders
and thalassemia. Although most cases demonstrate typical
features on MRI, there are reported deviations, like the one
presented here. This can pose a significant diagnostic
challenge in the settings where timely detection and
treatment of the disease is crucial.
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